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Abstract
The World Health Organization estimates that 3 billion people depend on biomass fuels
for cooking, heating, and other day-to-day activities, which causes approximately 4.3 million
people annually to die from illnesses attributable to indoor air pollution. The issue is especially
pressing for women and children in developing countries, because women care for the home and
are consequently responsible for attaining household fuels and cooking. In 2015, ISECs
(Insulated Solar Electric Cookers) were developed at California Polytechnic State University,
San Luis Obispo, as a technology that utilizes solar electricity to directly cook food in a
well-insulated chamber. They are capable of bringing 5 kg of food to a boil, collect and store
solar energy throughout the day that can be used to cook after dark, and, most importantly, do not
emit any indoor smoke. In this study, the top ten suitable areas for ISECs in three partner
countries (Ghana, Togo, and Jamaica) were determined using deforestation and solar DNI (direct
normal irradiance) data from 2000-2019. In Ghana, an area in the Upper West region was found
to be the most suitable for ISECs, in second an area between the Upper East and Upper West
regions, and in third an area in the Upper East region and slightly in the Northern region. In
Togo, all of the top three areas that were deemed the most suitable for ISECs were located in the
top portion of the Savanes region. In Jamaica an area in the Clarendon parish was found to be the
most suitable for ISECs, followed by an area between the parishes of St. Elizabeth and
Westmoreland. The third most suitable area for ISECs in Jamaica was an area mostly in the St.
Thomas parish, and partially in St. Andrew parish. ISECs provide a way to reduce indoor air
pollution, as well as a way to empower women, however they will probably not decrease
deforestation, because in all of the countries analyzed deforestation is largely poverty-driven.
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Introduction
Indoor air pollution and the developing world
The World Health Organization estimates that three billion people depend on biomass
fuels (Osei et al. 2021:1065) such as wood, dung, and agricultural residues, in order to meet their
basic energy needs for day-to-day activities (such as cooking, boiling water, lighting and
space-heating) (Rehfuess et al. 2006:374). This in turn causes approximately 4.3 million people
annually to die prematurely from illnesses attributable to indoor air pollution, including stroke,
ischemic heart disease, chronic obstructive pulmonary disease (COPD), and lung cancer (Austin
& Mejia 2017:3). More people die annually from exposure to pollutants from household solid
fuels than from HIV, malaria, and TB combined (Austin & Mejia 2017:2). In the year 2000,
indoor air pollution was responsible for 39 million disability-adjusted life years (DALYs; a
measure combining years of life lost due to disability and death), and represented 2.7 percent of
the global burden of disease (Rehfuess et al. 2006:376). Additionally, solid fuels/biomass emits
50 times more particulate matter, carbon monoxide, and hydrocarbons than gas stoves (Austin &
Mejia 2017:3). Concentrations of indoor air pollutants exceed many times the accepted guideline
limits for outdoor air pollution, even in households that use more fuel-efficient and less-polluting
improved stoves (Rehfuess et al. 2006:375).
Especially in the developing world, reliance on biomass fuels is extremely prevalent
because the poor often rely on natural resources in their immediate surroundings for their
subsistence and livelihood (Rehfuess et al. 2006:374). For example, in a study done measuring
country data on solid fuel use in 181 countries (Rehfuess et al. 2006:374), it was found that in
Sub-Saharan Africa, Southeast Asia, and the Western Pacific region, the use of solid fuels
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prevailed over cleaner fuel options, reaching 77, 74, and 74 percent respectively (Rehfuess et al.
2006:375). It was also found that in developing countries with high-mortality, indoor air
pollution was responsible for 3.7 percent of the overall disease burden, making it the most
important risk factor after malnutrition, unsafe sex, and lack of safe water and adequate
sanitation (Rehfuess et al. 2006:376). With this in mind, however, oversimplification of Africa
and Asia in regards to indoor air pollution should be avoided. While solid fuel use is much more
common in the Global South, there are levels of variation across developing nations. For
example, while 95 percent of the populations in Sub-Saharan Africa and Asia rely on solid fuels,
nations within these regions such as Ecuador, Djibouti, and South Africa, do not use solid fuels
at the same level: in these nations, less than 15 percent of the population uses solid fuels (Austin
& Mejia 2017:2).
Poorer developing nations also tend to be more agrarian societies, which have the highest
levels of gender inequality globally (Austin & Mejia 2017:4). Differing roles and responsibilities
of men and women, according to a socially defined division of labor based on gender, produce
conditions in the developing world which make women responsible for attaining household
fuels; it also makes women and children more vulnerable to the fatal consequences associated
with indoor air pollution. Women who are in constant contact with indoor smoke are 2.3 times
more likely to suffer from COPD compared to women who use cleaner fuels (Austin & Mejia
2017:4). Since women are usually primary caregivers, especially in societies where labor is
extremely gender-based, children under the age of 5 are also at a greater risk. More than
one-third of all child deaths in Africa are caused by indoor air pollution (i.e. 350,000 deaths) and
another 374,000 occur in Southeast Asia (Rehfuess et al. 2006:376). Exposure of the developing
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embryo to indoor air pollution may also contribute to prenatal mortality and low birth weight, a
major risk factor for a variety of childhood diseases (Rehfuess et al. 2006:376).
Interestingly, in a study done measuring data in 91 developing countries which had data
for indoor air pollution deaths and solid fuel use (Austin & Mejia 2017:8), it was found that
developing nations with enhanced women’s status (women’s status measured by participation in
secondary school, contraceptive use, and fertility rates) tended to have lower rates of solid fuel
use (Austin & Mejia 2017:13). Although solid fuel use is associated with a higher prevalence of
female than male deaths from indoor air pollution in less-developed nations, nations with greater
female empowerment had lower rates of female deaths compared to male deaths (Austin & Mejia
2017:15, 19). Thus, the study suggests that women’s risk of death from indoor air pollution is
higher than men’s in societies where women lack social empowerment. In contrast, in societies
where women receive more education and have more autonomy, the household division of labor
is more equal and reduces women’s disproportionate exposure to solid fuels in relation to men
(Austin & Mejia 2017:20).
Overall, indoor air pollution is a pressing issue with many negative health consequences.
Especially in the developing world, it is clearly intertwined with women’s autonomy, education,
and poverty. Cleaner cooking technologies such as ISEC provide promising solutions to reduce
indoor air pollution, however if the problem of indoor air pollution is to be completely
eradicated, cleaner cooking technologies must also be paired with strategies to reduce poverty
and improve the status of women so that permanent change might occur.
Insulated Solar Electric Cookers (ISECs) background
Insulated Solar Electric Cookers (ISECs) provide a way to reduce many of the negative
health effects from indoor air pollution. In 2015, ISECs were developed as a technology that
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utilizes solar electricity to directly cook food in a well-insulated chamber. A 100 W solar panel,
which can presently be manufactured at a cost of less than US$20, generates ½ kWh of
electricity over the course of a sunny day. It is capable of bringing 5 kg of food to a boil (Osei et
al. 2021:1065), as well as providing a “hot spot” able to cook small portions of food in
approximately 5 minutes, similar to a microwave oven of 1 kW power (Osei et al. 2021:1069).
Larger meals can be cooked in ISECs in about an hour (Osei et al. 2021:1069). One feature that
makes ISECs unique and improved from previous solar cooking technology is that solar energy
collected throughout the day can be stored and used to cook after dark (Osei et al. 2021:1072).
This is due to the technology’s phase change material (PCM) which in some cases is Erythritol
(ET) (Osei et al. 2021:1066). The PCM slowly melts and heats up a separate phase change
assembly (PCA) inside of it, which enables the user to heat food later and cook after sundown
(Osei et al. 2021:1066).
In addition to cooking at night, ISECs are cost effective. While traditional
battery-operated cooking technologies cost upwards of US$100 (Osei et al. 2021:1066), the cost
of ISECs with thermal storage is about US$30, a comparatively low cost (Osei et al. 2021:1070).
Thus, ISECs provide a cost-effective alternative to expensive battery-operated cooking
technologies which many people in developing countries may not be able to afford. ISECs can
also be plugged-in if solar energy is not available or if the area is cloudy, however in areas where
neither sun nor reliable electricity is readily available, ISECs may face some dissemination
barriers.
The ISEC Global Learning Community is composed of students, practitioners and other
ISEC stakeholders which all work together in the ISEC building and dissemination process.
Additionally, ISEC technology is open-sourced, which enables it to be more responsive to local

Kraatz 8

preferences, resources, and challenges. Production of ISECs also stimulates the local economy,
because materials used for the building of ISECs are sourced locally (Osei et al. 2021:1070). As
of 2021, the Global Learning Community included collaborators in Ghana, Sierra Leone, Togo,
Uganda, South Africa, India, and Jamaica, who have all initiated plans to build and disseminate
ISECs (Osei et al. 2021:1072).
Purpose
The purpose of this study is to provide a foundation for dissemination of ISECs in partner
countries based on solar and deforestation data. These two data criteria were chosen by the
dissemination team because they were deemed good indicators of how suitable a given area is for
ISEC dissemination. The data provided in the suitability analysis, however, is not
all-encompassing; there are many other factors that contribute to a place’s potential use of ISECs
that were not included in the data maps due to time constraints and lack of spatial data available.
Thus, underlying environmental and external social factors that may also contribute to the data
outcomes is discussed.
Furthermore, it should be noted that all opinions and viewpoints in this study are from a
Western-centric lens. While the purpose of this study is to aid in the dissemination process, local
knowledge gained within the ISEC Global Learning Community should take priority over the
opinions presented in this study, especially if they contradict one-another. Although extensive
literature was employed in the analysis of data outcomes, knowledge is still limited because the
author of this study has never been to any of the places discussed.
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Methods
Deforestation Data
In order to calculate deforestation for each partner country from
2000-2019, raster .tif files were obtained from the Matt Hansen Global
Forest Change website and brought into ArcPro. This was done separately
for each .tif file so that the area of each country would be covered. Next, an
empty raster was created using the create raster dataset tool to input the
separate .tif files into so that a mosaic could be created for the deforestation
data. After this, the mask tool was run on the deforestation mosaic using the
respective country’s shapefile as the reference for the mask tool. This then
produced a new raster layer split up into deforestation by year, which can be
seen in figure 1. However, since this study was only concerned with total
deforestation from 2000-2019, this yearly data was consolidated into a
loss/no loss binary, which was done using the reclassify tool. A value of 0
was designated as being ‘no loss’ and a value of 1 being ‘loss,’ or
deforestation that had occurred, for the final reclassified raster.
Next, the zonal statistics as table tool was used to pair the
deforestation data with a region/parish within the country. This was done by first inputting the
country’s shapefile as the ‘zone data’ based on the name of each region/parish the deforestation
data was to be sorted by. The ‘input value raster’ input was the reclassified masked raster, and
under ‘statistic type’ only sum was chosen so that only sum data would be extracted (which is
the amount of deforestation cells within the reclassified masked raster). This then created a new
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table with the amount of deforestation for each
region/parish (in figure 2 it can be seen as
ghana_deforestation_regions). This table however was
not spatial yet, so it was then joined to the original
country shapefile based on region/parish (joining from
the shapefile, not the other way around). After that a
new shapefile was created from the joined country
shapefile, which then contained all the deforestation
data paired up with each region/parish. The country
shapefile was then unjoined from the zonal statistics
table because this join was no-longer needed.
Once this was done, the sum field, which was
the amount of deforestation in each region/parish, was
converted into hectares. Since the Matt Hansen Global Forest Change data was created based on
landsat satellite imagery, each cell is 30 x 30 square meters. This means that 1 square meter is
equal to 0.0001 hectares, and that each cell is therefore 900 square meters, or .09 hectares. By
multiplying the sum by .09, the deforestation data was converted into hectares. This could have
also been achieved by using the calculate geometry function in the desired field (the ‘property’
being the sum field and the ‘target’ being hectares), however sometimes this calculation came
out as hectares for the entire region rather than just the deforestation data. Thus, the sum field
was mostly calculated “by hand” by using the field calculator in the attribute table, using the
equation (sum * .09) to convert to hectares.
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Next, the count field was converted into hectares. This was done by using the calculate
by geometry function in the count field, since there were no issues using this function to
calculate the area of each respective region/parish (with ‘property’ being the count field and the
‘target’ being hectares). Now that the count and sum fields were in hectares, those values could
be used to calculate the percentage of deforestation from
2000-2019 per region/parish. A new empty field was
created to input these percentages, and was named
‘perc_loss’ with the ‘data type’ being double. Once this
empty field was created, the ‘calculate field’ function
(i.e. field calculator) was used to divide the sum field
(deforestation hectares) by the count field (total hectares
of each region/parish) and multiplied by 100 to get the
final percent of deforestation per region/parish for the
2000-2019 time period. In figure 3 the equation used to
get the percentages is shown at the bottom; the count and
sum fields are renamed so that it was less confusing
when calculating, however defor_hec is still the original
sum field and region_hec is still just the count field. The
deforestation data was then used in the suitability indexes for Ghana, Togo, and Jamaica.
Solar Data
Solar DNI (direct normal irradiance) raster data was obtained from solargis.com for
Ghana, Togo, and Jamaica. This data was used in the final suitability index.
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Suitability Index
In order to conduct the suitability index, the ‘suitability modeler’ was used, which can be
found in the analysis tab in Arcpro. Once the suitability
modeler was open, it opened to the settings tab. In the
settings tab, under ‘model name’ the model was named
according to the country it was being made for (i.e.
Ghana suitability index). The suitability scale was kept at
1 to 10, and ‘weight by’ was kept as a multiplier. The
output suitability raster was also named according to
whatever country was being addressed, and was saved
into the project gdb (otherwise the index did not work).
Next, raster data was loaded into the suitability modeler via the suitability tab. Using the
+ button, desired rasters for the suitability index were added into the model, those being the
reclassified masked deforestation data raster and the solar DNI data raster. Once these were
input, the data was transformed to fit the criteria of the index. Next to each raster, by clicking on
the circle icon, the transformation pane was opened. From there, for the deforestation raster, a
value of 1 was input for the 0 value and a value of 10 was
input for the 1 value. This meant that the 0 value would
not be as valuable as the 1 value in the suitability index
calculation, which makes sense because areas that are
highly deforested are more suitable for ISECs (people in
these regions are most likely using biomass for indoor
cooking).
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Once the deforestation data was transformed, next came the solar data. Under the
‘continuous functions’ tab in the transformation pane, the function was changed to ‘large,’
because this causes larger values to be ranked higher than smaller ones. The data was
transformed this way because larger values mean more
solar DNI, and more solar is ideal for the full-functioning
power of ISECs.
After the data had been transformed, the weight was
kept at a 1 to 1 ratio/the weights of each raster were kept at
a value of 1 because the ISEC dissemination team decided
they wanted the value of deforestation and solar to be even.
This can be seen in figure 5, where next to each raster the
‘weight’ is a 1. Once everything was completed in the suitability tab of the suitability modeler,
the ‘run’ button was clicked at the bottom of the suitability tab. This produced a full resolution
suitability model, which was used
for the final index. Moving on to
the locate tab in the suitability
modeler, next to ‘number of
regions’ the number 10 was input
because this was the number of
regions the ISEC dissemination
team wanted for each country. Everything else
in the locate tab of the suitability modeler was left as-is, and at the bottom of the locate tab the
‘run’ button was pressed to produce the final suitability index.
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ISEC Suitability in Ghana
Introduction
The livelihoods of the majority of Ghana’s population is dependent on the land. Whether
it is the clearing of trees for cropland or the use of biomass for indoor cooking, the resulting
deforestation is an issue that has been present in Ghana for some time. Located in Sub-saharan
Africa, this country’s diverse landscape has made it so that over 60 percent of its inhabitants are
dependent on agricultural crops and domestic animals for their average total household income
(Appiah et al. 2007:476). Forest products constitute a significant amount of peoples’ livelihoods,
with 38 percent of household incomes depending on them (Appiah et al. 2007:476). Although
intersectoral labor mobility in Ghana exists, meaning people from the agricultural sector could
potentially move to the non-agricultural sector, the transition is often-times very difficult and
many Ghanaians believe that a lack of alternative employment to farming is one of the main
reasons why forest depletion continues (Appiah et al. 2007:478).
In the 1970s and early 1980s, Ghana was experiencing multiple economic and social
crises (Codjoe and Dzanku 2009:1). During this time period, there was a dramatic reduction in
domestic production, deterioration of government finances, a decline in export revenues, an
infant mortality rate at 86 per 1,000 live births, primary school enrollment at 74 percent, an adult
literacy rate at 60 percent, and a life expectancy at birth of only 48 years (Codjoe and Dzanku
2009:1). By 1983, Ghana became the first country in Sub-saharan Africa to partake in a
Structural Adjustment Program (SAP) and Economic Recovery Program (ERF) with the IMF
and the World Bank (Hilson 2004:53). Although these programs looked to revive the economic
downturn in the agricultural, mining, and timber industries, what was not taken into account was
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their effect on deforestation. Deforestation in Ghana is a result of social and economic
government policies that indirectly promote it (Codjoe and Dzanku 2009:5). Under the SAP,
subsidies on inputs such as insecticides and fertilizer were taken away, which consequently
increased agricultural land expansion and deforestation (Owusu et al. 2012:745). As a result of
fertilizer and insecticides becoming more expensive, Ghanaians were forced to buy less of these
products which led to a decreased crop yield on existing plots of land, evidently forcing the
expansion of agricultural land and increasing
deforestation. Thus, while policies under the
SAP may have seemed small in scale, in reality
they led to large impacts on deforestation.
Besides government policy, local
peoples’ heavy dependence on farming
practices and forest products for their
subsistence and incomes also causes significant
deforestation. Agricultural land expansion is
the dominant form of deforestation in Ghana
(Owusu et al. 2012:745), and in a study done on
431 households located in the Dormaa, Offinso,
and Begoro districts, it was found that poverty
driven agriculture was the main cause of
continuing deforestation (Appiah et al. 2007:479). Conversion of forest lands for farming is a
significant way of life for people in these districts, and the forests represent their primary source
of food, income, and security (Appiah et al. 2007:474). Households with larger family sizes were
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also found to generate more income from the forest, and of that income approximately 45 percent
came from the selling of fuelwood (Appiah et al. 2007:478). Farming practices such as the
shifting of short and long-cycle crops leads to the destruction of forest tree species and
biodiversity, and accounts for approximately 50 percent of the deforestation in Ghana’s tropical
forests (Appiah et al. 2007:480). When it comes to conservation, although Ghanaians are
well-aware of the damage they are inflicting on their surrounding environment, it ultimately
comes down to, as one farmer put it, “survival,” with “everything else com[ing], if at all, later”
(Appiah et al. 2007:481).
Additionally, since the majority of Ghanaians do not own the land they occupy and use
for subsistence, and higher rates of labor mobility out of the agricultural sector into the
non-agricultural sector are influenced by land use, land ownership rights, and the inequality of
land holdings (Owusu et al. 2012:744), this means that Ghanaians have a very slim chance of
moving to the non-agricultural sector. They also have little incentive to manage their
environmental practices, because the traditional customary system of communal ownership of
land in the current day-and-age is abused and highly exploited: a system that was once trusted is
no longer viable, and Ghanaians have no sense of ownership of the land they occupy. This alone
has led to almost the total destruction of forests outside reserves in Ghana (Appiah et al.
2007:481).
As mentioned previously, deforestation due to agricultural expansion is the dominant
form of deforestation in Ghana (Owusu et al. 2012:745). Although the timber industry also plays
a role in deforestation, the impact is not highly ranked when compared to other factors such as
poverty-driven agriculture, lack of off-farm employment, and rural population levels (Appiah et
al. 2007:482). In a study measuring the impacts of the SAP on deforestation, it was found that
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the effects of log extraction on deforestation before and after the implementation of the SAP was
not significantly different between the two periods. Since Ghana lost more forest during the
post-adjustment period than in the pre-adjustment period, this means that the majority of
deforestation in the post-adjustment period was due to change in cropland, or the conversion of
forest land to land used for crop farming (Codjoe and Dzanku 2009:31). Thus, even though wood
extraction also caused deforestation during the adjustment period, the impact was weaker than
that of agricultural land use (Codjoe and Dzanku 2009:39).
From the literature it is clear that Ghana faces significant challenges when it comes to
deforestation. There are a number of social, cultural, and environmental factors that make the
issue very complex to unpack and difficult to find solutions to. In regards to the ISECs, the
dissemination process should also consider these outside factors and the needs of the local
people. Although the suitability index and following analysis provides a foundation for how
optimal an area is in terms of deforestation and solar data, other factors need to be taken into
account because historical context is important when considering the adoption of new
technology.
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Results
Deforestation

Figure 2: Percent forest loss in Ghana per region from 2000-2019. Data gathered from the
Matt Hansen Global Forest Change database.
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The map in Figure 2 depicts the percent loss in forest in Ghana by region from
2000-2019. The region in Ghana which had the most forest loss proportional to its size for the
2000-2019 time period was the Central region, at 21.42 percent or approximately 207,169
hectares of forest lost. The Central region was followed by the Western and Ashanti regions,
which experienced 20.83 and 14.82 percent forest loss respectively. This is equivalent to
approximately 507,802 hectares of forest lost for the Westen region, and 361,530 hectares for the
Ashanti region. In terms of total deforestation for the country as a whole, Ghana lost 7.81 percent
of its forest, or approximately 1,864,041 hectares of forest lost to deforestation from 2000-2019.
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Solar DNI

Figure 3: Map of Ghana’s solar direct normal irradiance (DNI) measured in watts per square
meter.

Figure 3 displays Ghana’s Direct Normal Irradiance (DNI), which is the amount of solar
radiation received per unit area by a surface that is perpendicular (or normal) to the rays that
come in a straight line from the sun at its current position in the sky. DNI is measured as Watts
per square meter (W/m^2). DNI was used to determine suitability of the ISECs as shown below
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in Figure 4 and was deemed equally as important as deforestation, or a one-to-one value (Vaisala
Energy).
Suitability Index

Figure 4: Map of Ghana’s top 10 suitable areas for ISEC dissemination, with a ranking of 1
being the most suitable and a ranking of 10 being the least suitable. A ranking of 0 indicates
that the area was not deemed suitable or in the top 10 suitable areas in the suitability index
calculation. Suitability was based on deforestation and solar data.

Kraatz 22

From the suitability index, an area in the Upper West region of Ghana was found to be
the most suitable for ISECs. This means that the Upper West region had the highest average
score when combining deforestation and solar data. Although the Upper West region did not
have very high amounts of deforestation, 0.82 percent forest loss or 15,327 hectares for the
2000-2019 time period, this area receives very high amounts of solar DNI, about 1457.71 watts
per square meter. This makes this area optimal for ISECs, because they would receive lots of
sunlight throughout the day and reach their full potential for cooking power (Osei et al.
2021:1065). Thus, the area was deemed the most suitable. Additionally, other high-ranking areas
were also found to be in this region due to a very suitable solar DNI.
Following the area in the Upper West, the second most suitable area for ISECs in Ghana
was an area between the Upper East and Upper West regions. In terms of deforestation, the
Upper East region in Ghana also did not experience high amounts of deforestation for the
2000-2019 time period, at 0.35 percent forest loss or approximately 3,011 hectares of forest lost.
This region too receives high amounts of solar DNI, which is probably why it also had a high
ranking for ISEC suitability. Both the Upper East and Upper West regions border the Sahara
desert, which is another reason that contributes to the high amounts of sunlight these regions
receive in comparison to the other regions in the south of Ghana.
The third most suitable area for ISECs was an area mostly in the Upper East and slightly
in the Northern region. The Northern region also did not experience a great deal of deforestation;
between 2000-2019 the Northern region experienced a 1.57 percent loss in forest or about
109,761 hectares of forest lost. However, the Northern region, like the Upper East and Upper
West, also receives fairly high amounts of solar DNI which is why this area was deemed to be
more suitable for ISECs.
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Discussion and Conclusion
Discussion
From the suitability index, areas in the north of Ghana were deemed to be the most
suitable for ISECs in Ghana. While it was noted in the results
that this was probably due to the high amounts of solar DNI
these areas receive because of their close proximity to the
Sahara desert, what is also interesting to note is that the
northern regions of Ghana are also consequently the ones
where populations have the least amount of access to cooking
fuels, as well as have the highest intensities of poverty
(Kumi-Boateng et al. 2015:17).
Approximately 89.5-93.8 percent of households in the
Upper West, Upper East, and part of the Northern region of
Ghana are deprived of cooking fuels. This means that they rely
on wood, charcoal, crop residue, saw dust, or animal waste for
their cooking fuel (Kumi-Boateng et al. 2015:15). In regards to
the ISECs, this means that not only are the Upper East, Upper
West, and part of the Northern region suitable in terms of
deforestation and solar DNI, but they are also suitable because
these populations are using biomass/charcoal for indoor
cooking, which is detrimental to their health. Charcoal in
particular is a sizable industry in Ghana, where in most of
sub-Saharan Africa countries, close to 90 percent of urban
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households depend on charcoal for cooking and heating (Agyei et al. 2018:62). It is estimated
that profits of US$66 million are generated annually from charcoal production (Agyei et al.
2018:70), and that by 2030 it will double from its 2000 base of 23 million tons (Agyei et al.
2018:62). Charcoal is preferred to firewood due to its high caloric value per unit of weight, ease
of transportation, and comparatively less smoke (Brobbey et al. 2019:19). Additionally, the
charcoal sub-sector contributes significantly to the economy of developing countries through
poverty reduction, employment creation, and household income generation (Brobbey et al.
2019:19).
In a study done in the Kintampo Forest District in Ghana (the country’s main charcoal
production area) measuring the economic importance of charcoal to rural livelihoods, it was
found that charcoal was the second-most important household income source after crops
(Brobbey et al. 2019:27). Charcoal
is used as a gap filler, which is
defined as activities rural
households pursue to generate
additional income during periods of
low agricultural activities, seasonal
food shortages, or the need to
generate moderate levels of cash
income for expenditures such as
school fees (Brobbey et al.
2019:25). Charcoal also serves as a
safety net, which are the activities
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rural households pursue to generate additional income after being hit by a shock in the form of
loss of assets, income provider or incurring higher expenditures (Brobbey et al. 2019:25).
Charcoal production has been portrayed as a business for the poor (Brobbey et al. 2019:19), and
in truth low-income households in particular use charcoal to fill seasonal income gaps, because
they do not have access to alternative sources of income at certain times of the year, especially
the off-seasons of agricultural production (Brobbey et al. 2019:29). Most producers and retailers
in the charcoal industry attain profits that are below the annual minimum wage income, and thus
combine charcoal production and trade with other livelihood activities such as farming (Agyei et
al. 2018:70).
The fuel-charcoal production and trade industry contributes to the income of an estimated
7 million people, projected to increase to 12 million by 2030 (Agyei et al. 2018:62).
Interestingly, while men constitute the majority of producers in the Kintampo Forest District, the
majority of merchants are female (Agyei et al. 2018:66). This is probably due to the gendered
division of labor, because producers have to stay away from home for days at a time to obtain
trees for production and carbonize wood, whereas females cannot do this because they must tend
to household duties such as caring for children (Agyei et al. 2018:66). In addition, norms such as
the idea that men are not supposed to engage in activities traditionally performed by females,
such as selling of household cooking items which includes charcoal, and the perceived physical
strength required to carry out particular activities, which calls for men to undertake activities
such as felling of trees, and the stacking and loading of bags on trucks at the production node
(Agyei et al. 2018:71), means that charcoal marketers-merchants, wholesalers, and retailers-are
predominantly female (Agyei et al. 2018:63).
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The charcoal industry in Ghana indicates that although ISECs may reduce indoor smoke,
Ghanaians will most likely still deforest because charcoal constitutes a significant portion of
their income, especially in times of economic shock or off-season agriculture. Although
deforestation due to charcoal production is mainly dictated by agriculture (i.e. the number of
trees removed is a result of the requirements of agricultural production rather than by charcoal
production) (Brobbey et al. 2019:29), this means that ISECs will not solve the problem of
deforestation, especially deforestation caused by agricultural need.
Deforestation is closely linked to the charcoal and agricultural industries in Ghana. The
forests are clearly being used for indoor cooking and contributing to indoor-air pollution, and
thus the reduction of deforestation is also something that should be considered if the issue of
indoor-air pollution is to be completely eradicated. One strategy to reduce agriculture-induced
deforestation is by finding ways to increase and diversify non-agricultural job opportunities.
In a country where 60 percent of the labor force is employed in the agricultural sector for
a living, diversifying the job market might decrease deforestation by giving people the option of
working at a job that does not put pressure on the land (Appiah et al. 2007:480). This was proven
true in a model done on the relationship between intersectoral labor mobility and long-run
deforestation, where a 1 percent increase in intersectoral labor mobility from the agricultural to
the non-agricultural sector led to a 0.797 percent decrease in the area deforested due to
agriculture (Owusu et al. 2012:756). In order for this to work, however, wages in off-farm
employment would have to be higher than agricultural work, so that agricultural work becomes
less attractive and more costly to the individual (Owusu et al. 2012:745). In addition, non-farm
income generating activities could make it so that Ghanaians could eventually save up enough
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money to purchase inputs, which would effectively make it so there is a more equal distribution
of land ownership (Codjoe and Dzanku 2009:42).
Conclusion
Overall, it is clear that Ghana has great potential for the dissemination of ISECs. While
the Upper East, Upper West, and part of the Northern region were deemed the most suitable in
terms of deforestation and solar DNI data, areas in more southern parts of the country such as the
Kintampo Forest District, and cities where charcoal is sold (important market destinations
including Accra, Kasoa, Kumasi, and Takoradi) (Agyei et al. 2018:63), could also be highly
suitable areas where ISECs could be disseminated, because people in these areas are probably
coming into contact with significant amounts of indoor-air pollution. Although ISECs may not
solve the problem of deforestation in Ghana, because forests are used for agriculture land and
charcoal production, which provides a safety-net of income in times of economic shock or in the
off-season of agriculture, they would help reduce indoor-air pollution. Future studies for ISEC in
Ghana could include charcoal data in addition to the deforestation and solar DNI data to
recalibrate the suitability index, to determine which areas are suitable when also considering the
charcoal industry.
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ISEC Suitability in Togo
Introduction
The current state of poverty in Togo, which has caused many of the environmental and
social problems that lead to the need for ISECs in the first place, can be traced back to Togo’s
colonial history. What is now Togo was previously known as Togoland, and included both
current-day Ghana and Togo. In 1884 a man named Gustav Nachtigal was sent by the German
government and induced a number of coastal chiefs to accept German protection. This
protectorate zone was recognized in 1885, followed by the creation of coastal frontiers which
included Dahomey and the Gold Coast, which were defined by treaties with France and Great
Britain (Britannica). Lome, in the south of current-day Togo, was deemed the colonial capital of
the western end of the coast in 1897. Exploitation was largely confined to the coastal and central
areas and was exclusively agricultural
(Britannica). In addition, plantations were
established in Togoland by both the
government and by private German
corporations. Trade was chiefly made in
palm products, rubber, cotton, and cocoa
beans; while the German administration
of Togoland was efficient, it was also
riddled with harsh treatment and the
forced labor of Africans to work on
plantations (Britannica).
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In August of 1914 at the beginning of World War I, French troops from the Gold Coast
and Dahomey invaded Togoland and secured the surrender of the Germans. Togoland was then
split between the east and west, which were ruled by the French and British respectively
(Britannica). This ruling was made official by the League of Nations in 1922, where it was
mandated that Britain administer the western part of Togoland and the French the east (Togo
Profile). Eventually, the British-ruled western territory included the Gold Coast, which was later
named Ghana. In 1960 Togo gained independence and was no-longer a colony, and in 1961 Togo
elected its first president, Sylvanus Olympio (Togo Profile).
Since decolonization, Togo has not fared well economically and remains a poor nation. It
is characterized by extreme growing poverty, and a young population with a high percentage of
women (Fontodji et al. 2011:217). Especially among Togo’s rural populations, many do not have
access to basic services such as electricity, improved water, and improved sanitation. The
electricity access rate in Togo is about 20 percent in comparison to 32 percent for the
Sub-Saharan Africa region. Access to improved sanitation is not much better, at 13 percent for
Togo, whereas the regional percentage is 31 (Agbodji et al. 2015:984). Although access to
improved water is better, at 61 percent for Togo which is the same as the national average for
Sub-Saharan Africa, when looking at the difference between urban and rural, the situation is
always worse in rural areas than in urban ones. For example, only 3 percent of people in rural
areas in Togo have access to improved sanitation, whereas in urban areas this number is at 26
percent. Similarly, in rural areas only 40 percent of people have access to improved water,
whereas in urban areas 89 percent of people do (Agbodji et al. 2015:984). This is important
because, as will be discussed later, the link between rural poverty and deforestation bodes well
for the dissemination of ISECs, however it does not for the environment.
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Additionally, many of the Western values that have been imposed on Togo due to
globalization, which is tied to its colonial past, are damaging to the remaining forests in Togo
(Lynch et al. 2018:9). In a study done measuring the percentage of tree forest in sacred vs.
non-sacred forests in western Togo, it was found that within the two sacred forests studied, there
was a higher percentage of tree cover within their historical boundaries compared to the
community forest which did not contain a sacred site (Lynch et al. 2018:6). While this research
aligns with studies that suggest that sacred forests in West Africa constitute important refuges for
biodiversity (Lynch et al. 2018:7), many sacred forests across Togo still suffer from high levels
of deforestation and degradation (Lynch et al. 2018:9). Land use has also changed over time, and
some areas that were previously within traditional forest boundaries are deforested (Lynch et al.
2018:4). Thus, while traditional practices may inadvertently save some forests from degradation,
with increasing poverty in Togo many people are forced to break traditional practices and use the
forests for their livelihoods.
While ISECs provide a way to reduce indoor air pollution, people in Togo will most
likely still deforest because of increasing Westernization, which breeds a disregard for traditional
practice, and also rising poverty, which forces people to continue to deforest to support
themselves. Westernization in Togo has thus not had a positive influence on the Togolese and
their environment. As a Western-based dissemination team, the values and historical context in
which the dissemination process is conducted should also be considered to make sure that
everything is catering to local needs.
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Results
Deforestation

Figure 2: Percent forest loss in Togo per region from 2000-2019. Data gathered from the
Matt Hansen Global Forest Change database.
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The map in Figure 2 depicts the percent loss in forest in Togo by region from 2000-2019.
The region in Togo which had the most forest loss proportional to its size was the Centrale
region, at 5.12 percent or approximately 67,137 hectares of deforestation for the 2000-2019 time
period. The Centrale region was followed by the Plateaux and Maritime regions, which
experienced 4.36 and 3.74 percent forest loss respectively for the same time period. This is
equivalent to about 75,963 hectares of deforestation for the Plateaux region, and 23,856 hectares
of deforestation for the Maritime region. In terms of total deforestation for the country as a
whole, Togo lost 3.23 percent of its forest, or approximately 185,018 hectares of forest lost to
deforestation from 2000-2019.
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Solar DNI

Figure 3: Map of Togo’s solar direct normal irradiance (DNI) measured in watts per square meter.

Figure 3 displays Togo’s Direct Normal Irradiance (DNI), which is the amount of solar radiation
received per unit area by a surface that is perpendicular (or normal) to the rays that come in a
straight line from the sun at its current position in the sky. DNI is measured as Watts per square
meter (W/m^2). DNI was used to determine suitability of the ISECs as depicted below in Figure
4 and was deemed equally as important as deforestation, or a one-to-one value (Vaisala Energy).
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Suitability Index

Figure 4: Map of Togo’s top 10 suitable areas for ISEC dissemination, with a ranking of 1
being the most suitable and a ranking of 10 being the least suitable. A ranking of 0 indicates
that the area was not deemed suitable or in the top 10 suitable areas in the suitability index
calculation. Suitability was based on deforestation and solar data.
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All of the top three areas that were deemed the most suitable for ISECs in Togo, based on
deforestation and solar DNI data, were located at the top portion of the Savanes region. Although
the Savanes region did not experience very much deforestation, about .17 percent or 1,424
hectares of deforestation between 2000-2019, similar to Ghana, this area of the country is closest
to the Sahara desert. It receives an average of 1431.78 watts per square meter of solar DNI, and
is thus highly suitable for ISECs because it would enable them to perform to their maximum
potential.
Interestingly, all ten of the suitable locations for the ISECs were clustered in the top two
regions of the country, Savanes and Kara. Both of these regions did not receive high amounts of
deforestation, Savanes as mentioned previously only at .17 percent between 2000-2019, and
Kara only experiencing 1.41 percent deforestation or about 16,635 hectares of deforestation for
the same time period. In comparison, the Centrale region, which neighbors Kara, experienced the
highest amount of deforestation for the country at 5.12 percent deforestation, or approximately
67,137 hectares of deforestation.
Since the Centrale region did have such high amounts of deforestation, it was surprising
that this region did not contain any of the suitable locations. It would indicate that the amount of
solar DNI in the Centrale region was very low in comparison to the Savanes and Kara region,
which holds true when looking at the map in Figure 2; most of the Centrale region is yellow or
green, indicating a solar DNI value of greater than or equal to 734.518 watts per square meter,
and less than or equal to the highest amount of solar DNI in Togo, 1431.78 watts per square
meter.
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Discussion and Conclusion
Discussion
The region which was found to be the most suitable for ISECs in terms of deforestation
and solar DNI was the Savanes region. Interestingly, the Savanes region is characterized by acute
poverty, a rate of 92.5 percent (Fontodji et al. 2011:217), as well as high rates of charcoal
production (Fontodji et al. 2011:218). This region also consists of Sudanian savanna, which has a
rainy season running from June to October and a dry season from November to May, with an
average of 6-7 dry months. Total rainfall in this region is between 800 and 1000 mm (Fontodji et
al. 2011:216). The Sudanaian savanna climate is optimal for vegetation growth, and contains key
vegetation that is used for charcoal production, which is, similar to Ghana, a large industry in
Togo.
The Savanes region in particular is home to one of the most affected, yet protected, areas
in Togo for charcoal production, Oti-Keran National Park (OKNP). The production of charcoal is
the most predominant activity that weighs on the park. While previously it was just the activity
of a few women to cater to their own needs, today, charcoal production constitutes the main
source of livelihood for the people living around OKNP, especially because of fresh wood
available in the park (Fontodji et al. 2011:220). Charcoal in sacks of 50 and 100 kg can be
counted by dozens inside and around the park, as pictured in figure 5 (Fontodji et al. 2011:220),
which is shipped out and sold because it is highly valued by consumers in the cities of Togo
(Fontodji et al. 2011:221). This is particularly damaging to the forests, which are overexploited,
causing tree species to become rare (Fontodji et al. 2011:221).
In addition to the Savanes region, for the country as a whole charcoal production is a big
industry. As of 2011 many Togolese were unemployed, between 25 and 33 percent, which is one
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of the main reasons why
charcoal production is relied
on for livelihoods in rural
areas all over the country
(Fontodji et al. 2011:221).
Charcoal production is
concentrated in the Plateaux,
Centrale, and Savanes regions,
because these regions still contain
enough vegetation to support the industry (Fontodji et al. 2011:218). Both the Plateaux and
Centrale regions were found to be two of highest in terms of deforestation, so the fact that these
regions are highly exploited for charcoal is not surprising; the Savanes region, however, did not
have high amounts of deforestation even though charcoal production in this region is also high.
The low rates of deforestation found in the Savanes region could thus be due to the type of
vegetation, which is Sudanian savanna, and could not be picked up by satellite data as
‘deforested’ land, or because there is simply less deforestation occurring/it is concentrated in a
small area and does not equal to as much as the Centrale or Plateaux regions. In regions such as
Kara, previously a high-production zone for charcoal, there is no-longer enough vegetation to
produce much charcoal because of overexploitation, resulting in Kara being the lowest
charcoal-producing region (Fontodji et al. 2011:218) and also low in terms of deforestation.
The cost of all this charcoal production, however, means there is pressure on Togo’s
ecosystems that leads to harmful effects on the environment and a reduction in biodiversity
(Fontodji et al. 2011:215). Charcoal is not an efficient fuel source. Although it is prized because
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it produces comparatively less smoke than firewood (Brobbey et al. 2019:19), the production
yield of charcoal is approximately 15 to 20 percent, or 150 to 200 kg of wood produced per ton
of woody material. Additionally, during the cooking of charcoal, the loss in energy is 8-13
percent (Fontodji et al. 2011:215). For Togo, the average production of charcoal on a national
level from 2004-2008 was 419,963.8 +/- 47,896.5 tons per year, with the woody plant biomass
destroyed by this activity at about 2,799,759 tons per year (Fontodji et al. 2011:218). In 2008, the
Savanes region alone produced approximately 12,009 tons of charcoal, with an overall quantity
of wood destroyed for the country in 2008 at approximately 3,243,473.3 tons (Fontodji et al.
2011:220). This means that the average citizen of Togo consumes about 75 kg of charcoal
annually (Fontodji et al. 2011:218).
In Togo, poverty is found mostly in rural areas (Fontodji et al. 2011:217). Additionally,
since the poor are found in rural areas and people in rural areas rely on charcoal for their
livelihoods (Fontodji et al. 2011:221), this means that in Togo there is a link between being poor
and being reliant on charcoal production. Since the Plateaux, Centrale and Savanes regions are
all big charcoal-producing regions, and since poverty in rural areas is very acute in the Savanes,
Centrale and Kara regions, with respective impacts of 92.5 percent, 84 percent, and 80 percent
(Fontodji et al. 2011:217), the Plateaux and Centrale regions of Togo, in addition to the ones
found in the suitability index which included Kara and the Savanes regions, should be targeted
for ISEC dissemination as well, because people in these regions are exposed to significant
amounts of indoor air pollution. Additionally, a large portion of charcoal is imported and sold to
the southern city of Lome from larger charcoal-producing regions (Fontodji et al. 2011:220).
This indicates that this area could also be suitable for ISECs, because charcoal is being used and
presumably being ingested via indoor smoke.
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Conclusion
Overall, there is a definite link between poverty and deforestation; as mentioned
previously, highly impoverished rural areas in Togo deforest the most for charcoal production.
This means that in Togo, in addition to the suitable regions found in the suitability index which
were the Kara and Savanes regions, the Centrale and Plateaux regions could also be suitable due
to the high amounts of charcoal production that occur there.
Charcoal is a big industry in Togo involved in the livelihoods of the country’s rural poor.
While ISECs might help alleviate indoor air pollution, they will probably not decrease
deforestation because the forests of Togo provide a source of income for many Togolese, a
similar situation to Ghana. Thus, when disseminating ISECs in Togo and in other countries in
West Africa and beyond, the deterioration of vegetation because of charcoal production is
something that should be taken into account, because it is not something that is unique to Togo
but generally observed in developing countries (Fontodji et al. 2011:223).
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ISEC Suitability in Jamaica
Introduction
When discussing places for the dissemination of ISECs, it is important to consider the
historical context of development within the country. In terms of the partner country Jamaica, it
has a checkered past with the IMF and World Bank, which has left the country in extreme
amounts of debt. Although it is resource-rich and has the potential for a diversified economy,
neocolonial policies put in place in the last century have prevented it from doing so. Beginning
in the 1970s, the International Monetary Fund (IMF) put in place many Structural Adjustment
Programs (SAPs) in countries generally in the global South, with the aim of reducing the role of
the state in the running of the national economy (Willis 2011:57). Even though the goal of the
SAPs was to reduce government and let the ‘invisible hand of the market’ regulate the economy,
this ‘one size fits all’ approach of neoliberal development ignored historical and local context
and ultimately made things a lot worse for the Jamaican people (Willis 2011:109).
With the implementation of neoliberal policies under Jamaica’s SAP, Jamaica had to open
its borders to cheap imported food that local goods could not compete with. This destroyed local
agricultural industries, and left Jamaica dependent on imported foods. It also left the country
with a growing food import bill, and increased food insecurity (Timms 2009:101). Although
products such as powdered milk were cheaper under the SAP, what was not considered was that
when there is a decline in a country’s productive capacity, it makes it more difficult for the poor
to escape poverty; thus, although Jamaica’s poor population could afford things such as cheap
powdered milk, they had no chance at upward social mobility and would most likely stay there
under the SAP (Timms 2009:108).
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Following the SAP and the eventual global financial crisis of the 1980s, Jamaica was not
faring well financially. Jamaica to this day is in huge amounts of debt, with no end in sight.
While the Jamaican people have suffered under the SAP, an unseen outcome is that forests have
actually been faring pretty well. The neoliberal economic policies under the SAP that opened
Caribbean markets to cheap agricultural imports and decimated local agricultural sectors has
caused Jamaica to enter into a turnaround phase of the forest transition (Timms et al. 2013:77).
The forest transition model, which is defined as societal transitions tied to changes in national
forest area, details that early stages of economic and population growth result in net deforestation
while latter stages of economic development and associated lowered population pressures lead to
eventual net reforestation (Timms et al. 2013:77). The destruction of Jamaica’s agricultural
sector along with a decrease of sugar cane production in the mid to late 19th century is probably
why Jamaica has started a period of substantial regrowth of forests (Evelyn & Camirand
2003:356).
One example of this would be the country’s decline in yam production. From 1987 to
1998, Jamaica’s yam production was the largest in the world, peaking at 253,371 tons in 1996
(Timms 2013:82). However, from 1998 to 2011 yam production significantly dropped, where in
2008 yam production was at 102,282 tons, a 147.7 percent drop in production since its peak in
1996 (Timms 2013:83). In this same time period there was also an observed net reforestation
trend of +1.6 percent, representing an annual +0.12 percent reforestation rate (Timms 2013:81).
Thus, net reforestation was largely a result of a decline in agricultural production, which in turn
was caused by socio-economic changes where increasingly competitive markets in Jamaica made
it so agriculture like yam production was unprofitable.
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Other sources of deforestation in Jamaica also include the cutting of trees for charcoal
production, and small plots used for other crops including corn, dasheen, banana and plantain
(Timms 2013:83). These effects overall are not very large, and Jamaica’s deforestation trend is
decreasing. The forested area varied between 24 to 29 percent of the country from 1950 to 1990
(Evelyn & Camirand 2003:356) and the percentage of natural forest for 1954 and 1985 (31 year
period) was approximately the same and did not show much change (Evelyn & Camirand
2003:357).
Thus, as a result of neoliberal trade policies under Jamaica’s SAP, Jamaica’s internal
markets have essentially collapsed and been replaced with dependence on foreign trade. This has
enabled forest regrowth in Jamaica on abandoned agricultural land, however it is difficult to
reconcile rural impoverishment with the positives of reforestation (Timms 2013:84). The
Jamaican people have suffered greatly under the SAP, and continue to with neoliberal trade
policies in the current day; Jamaica does, however, serve as proof that the forest transition model
under the economic development hypothesis is valid. As Jamaica has moved into low population
growth stages of the demographic transition and rising industrialisation as a result of lack of
opportunities to farm, abandoned agricultural land has been able to reforest (Timms 2013:78).
In relation to the ISECs, even though deforestation may be decreasing or at a stable rate,
Jamaican people, particularly rural populations, still use biomass for indoor cooking. As of 2015,
83 percent of Jamaicans were using gas and electricity for cooking, however if only looking at
the rural population, this figure changes to 75.5 percent. This indicates that there is a lack of
electricity in rural regions compared to cities or larger towns (Lee & Delatie-Budair 2018:6).
Hence the presence of deforestation, even if it is not a high amount, disproportionately affects
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people living in rural areas in Jamaica, indicating that ISECs would most likely still benefit these
populations.

Results
Deforestation

Figure 1: Percent forest loss in Jamaica per parish from 2000-2019. Data gathered from the Matt
Hansen Global Forest Change database.

The map above depicts the percent forest loss in Jamaica per parish from 2000-2019.
Results indicated that Saint Thomas parish experienced the most forest loss proportional to its
size at 10.157 percent or approximately 7,485 hectares of deforestation. The Saint Thomas parish
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was followed by Manchester and Saint Ann, which experienced 7.227 and 6.553 percent loss in
forest respectively for the 2000-2019 time period. For the Manchester parish this is equivalent to
approximately 5,922 hectares of deforestation, and for Saint Ann approximately 8,012 hectares
of deforestation. In terms of deforestation for the country as a whole, between 2000-2019
Jamaica experienced a 5.7 percent loss in total deforestation, or approximately 62,740 hectares of
forest lost.

Solar DNI Data

Figure 2: Map of Jamaica’s solar direct normal irradiance (DNI) measured in watts per square
meter.
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Figure 2 shows Jamaica’s Direct Normal Irradiance (DNI), which is the amount of solar
radiation received per unit area by a surface that is perpendicular (or normal) to the rays that
come in a straight line from the sun at its current position in the sky. DNI is measured as Watts
per square meter (W/m^2). DNI was used to determine suitability of the ISECs as depicted
below and was deemed equally as important as deforestation, or a one-to-one value (Vaisala
Energy).
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Suitability Index

Figure 3: Map of Jamaica’s top 10 suitable areas for ISEC dissemination, with a ranking of 1 being
the most suitable and a ranking of 10 being the least suitable. A ranking of 0 indicates that the area
was not deemed suitable or in the top 10 suitable areas in the suitability index calculation.
Suitability was based on deforestation and solar data.

From the suitability index shown in Figure 3, it was found that Clarendon parish was the
most suitable for ISECs. This means that Claredon had the highest average score when
combining deforestation and solar data. Thus, since Clarendon had approximately 5.699 percent
deforestation, or about 6,860 hectares of forest lost, and high amounts of solar DNI that can be
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seen in the solar DNI map, this means that Clarendon parish is a highly suitable region for ISECs
to be disseminated in Jamaica.
Following Clarendon parish, it was found that an area between the parishes of St.
Elizabeth and Westmoreland were the second most suitable for ISECs. St Elizabeth was found to
have a 4.84 percent loss in forest, or about 5,809 hectares of forest lost, from 2000-2019.
Westmoreland was about the same, at 5.60 percent loss for the same time period, or
approximately 4,409 hectares of forest lost. The area deemed suitable was also consequently one
that received a great deal of solar DNI; the St. Elizabeth parish in particular receives high
amounts of solar DNI, which is probably why the majority of this suitable area is in St.
Elizabeth.
The third most suitable area for ISECs was found to be mostly in the St. Thomas parish,
and partially in St. Andrew. The St. Thomas parish had the highest amount of deforestation for
the 2000-2019 time period at 10.157 percent forest loss or 7,485 hectares of deforestation,
however it did not have high amounts of solar DNI. Thus, this area was most likely ranked third
in terms of suitability because solar was lacking in comparison to the other parishes. However,
the fact that it made the top three even with comparatively low amounts of solar is significant,
and will be discussed further in the following section.

Discussion and Conclusion
Discussion
From the suitability index, the Clarendon parish was found to be the most suitable for
ISECs. While the suitability calculation was based on deforestation and solar DNI data, what is
interesting to note is that the area in Clarendon which was deemed suitable is also a region that
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has a moderate amount of poverty. In 2012, the bottom portion of the Clarendon parish which
was deemed suitable had an incidence of poverty between 21.9-32.9 percent (see Figure 4
below). Since throughout the tropical world, poor households depend on deforestation as a
means to acquire consumption goods and provide insurance against negative shocks, i.e. times of
drought or when land is unproductive (Ferraro & Simorangkir 2020:5), this incidence of poverty
indicates that the deforestation that is occurring in this region is most likely due to human
impact, and is possibly being used for biomass and indoor cooking.

Figure 4: Map depicting the incidence of poverty in Jamaica in 2012, courtesy of the Statistical
Institute of Jamaica.

Additionally, an area between St. Elizabeth and part of Westmoreland parishes was found
to be the second most suitable area for ISECs to be disseminated. This area too has a moderate
amount of poverty, with some areas between 21.9-32.9 percent and others at around 11.6-21.8
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percent. This implies that this area is also being deforested by human impact, and is possibly due
to poverty and dependence on the forests for livelihood. This information, in addition to the
deforestation and solar data indications, serves as further evidence that this area would be
suitable for dissemination of ISECs, because forest resources are possibly being used for biomass
and indoor cooking.
An area covering the St. Thomas parish and a small portion of St. Andrew parish was
found to be the third most suitable for dissemination of the ISECs. In addition to having the
highest amount of deforestation in St. Thomas parish, this area also has a moderate to high
incidence of poverty, with some in the range of 45.5-100 percent. This indicates that with
poverty considered, this area is extremely suitable for ISECs, because the people living in this
region are definitely deforesting the land and also using it for biomass and indoor cooking.
Another interesting fact about St. Thomas parish is that it was previously a big producer
of bananas. Although bananas are grown in mostly all of Jamaica, the St. Thomas parish in
particular is one of four parishes that historically produced large quantities of bananas, those
parishes being St. Mary, Portland, St. Thomas, and St. James (The Banana Board). Of the
parishes that produce large quantities of bananas, St. Thomas was the only one to be in the top 3
in terms of suitability for the ISECs. This is probably due to the fact that banana production has
actually been on the decline in St. Thomas. St. Mary, St. James, and Portland parish all still have
a high production of bananas, whereas in St. Thomas small farming has now become the main
agricultural practice (Jamaica 55).
A few large areas in the parish are used for the cultivation of coconuts, sugarcane, and
bananas, however small farmers that produce crops such as coffee in more elevated areas of the
Blue Mountains have taken over the agricultural industry in St. Thomas (Jamaica 55). This
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means that the high amounts of deforestation seen in the St. Thomas parish, approximately 10
percent in proportion to its size, is due to an uptick in land use for agriculture by small farmers.
In contrast, the low amounts of deforestation in the other big banana producing parishes is due to
the fact that these parishes are still active in the banana industry and not small-farm agriculture,
meaning that these areas are not being deforested to make way for new cropland.
However, the high incidence of poverty in St. Thomas suggests that small farmers are not
able to make a very good living off of the crops they are producing. This is possibly due to the
marketplace in Jamaica, where subsidized international exports flood the market and small
farmers are unable to compete: which, as mentioned earlier, is a legacy from the Jamaican SAP.
One way to alleviate poverty, help the small farmer, and also inadvertently decrease
deforestation could be through something called Conditional Cash Transfers (CCTs). Since poor
households depend on the forests for their livelihoods, alleviating poverty means relieving the
pressures put on forests for human consumption and income needs. In a study done in Indonesia
to measure the causal relationship between efforts to alleviate poverty and changes in
ecosystems, it was found that exposure to a conditional cash transfer program known as PKH, or
“Family Hopes Program,” was associated with a 30 percent reduction in forest cover loss [95%
confidence interval (CI), 10 to 50%] for the 7468 rural forested villages exposed to PKH that
were included in the study (Ferraro and Simorangkir:2). Conditional Cash Transfer (CCT)
programs such as PKH transfers cash conditional on households meeting health and education
obligations. Transfers are approximately 15 to 20 percent of recipients’ consumption and are
received quarterly for between 6 and 9 years (Ferraro and Simorangkir:1).
CCTs such as PKH are able to alleviate poverty and reduce deforestation by consumption
smoothing and consumption substitution; consumption smoothing occurs when cash acts as a
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substitute for deforestation as a form of insurance for poor households, and consumption
substitution occurs when market-purchased goods substitute for deforestation-sourced
consumption goods (Ferraro and Simorangkir:4). This was especially true for villages in close
proximity to primary forests, where PKH’s estimated effect was greater as the density of
participating households per hectare of forest increased (Ferraro and Simorangkir:3).
Alternatively, CCTs may also reduce deforestation by facilitating the migration of some family
members and reducing local labor supply. CCTs might, for example, enable greater mobility and
incentivize family members to search elsewhere for work to send back remittances to their
family (Ferraro and Simorangkir:5).
Additionally, CCTs may help small farmers gain more autonomy, so that they can
compete with foreign products that have flooded Jamaican markets. In places like St. Mary, one
of the largest banana-producing parishes in the country, government assistance is no longer
provided and farmers can’t afford fertiliser or treatment against diseases or insects, which
destroys crops (Dixon 2013). Fertilisers are expensive without government assistance, and also
essential to grow bananas (Dixon 2013). This, on top of praedial larceny, has made it so farmers
cannot make a living like they did in the past. Although the EU provides some assistance, it is
often issued in the form of loans that are difficult to get documentation for and many times come
with very high interest rates (Dixon 2013). As said by Sylvester Green, a banana farmer from St.
Mary:
“If we have one point where we all take our goods and the Government distribute it both
locally and abroad, it work out better” (Dixon 2013).
There is an obvious need for aid by the government if small farmers in Jamaica are going to
make any profit. This aid would help alleviate poverty and decrease deforestation, because
people would be less dependent on the forests for their livelihoods.
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Conclusion
Overall, it is clear that the parishes where ISECs would be the most suitable have
complex underlying issues tied to the deforestation aspect of the suitability index. Although
Clarendon, St. Elizabeth/Westmoreland and St. Thomas/St. Andrew may be the most suitable
based on deforestation and solar DNI, agriculture is clearly a huge source of income for many
Jamaicans, and biomass is still used especially by the country’s rural populations. Although the
suitability index created for this study is a good foundation for dissemination, there are many
more factors that could be explored to determine the suitability of ISECs. More research should
be investigated on factors such as culture and monetary restrictions that could limit
dissemination, even if solar and deforestation conditions are optimal.
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Conclusion

In this study the top 10 suitable regions for ISECs in Ghana, Togo, and Jamaica were
determined using deforestation and solar DNI data from 2000-2019. In Ghana, the most suitable
areas were in the north in the Upper West, Upper East, and an area in between these two regions.
This was probably due to the regions’ high solar intensity, because of close proximity to the
Sahara desert. A similar pattern was seen in Togo, where all three of the most suitable areas for
ISECs were in the Savanes region located in northern Togo. Since Ghana and Togo are
neighboring countries, these similar results were to be expected. In Jamaica, the most suitable
areas were in the Clarendon parish, in an area between Westmoreland and St. Elizabeth parish,
and in an area in the St. Thomas and partially in the St. Andrew parish.
In both Ghana and Togo, the presence of the charcoal industry was discussed as a major
factor contributing to indoor air pollution and deforestation. While the presence of the charcoal
industry bodes well for reducing indoor air pollution and the dissemination of ISECs in these two
partner countries, poor rural populations' reliance on charcoal for their livelihoods indicates that
ISECs will most likely not help to decrease deforestation. Many rural Ghanaians will most likely
still deforest because charcoal constitutes a significant portion of their income, especially in
times of economic shock or off-season agriculture. Similarly, highly impoverished rural areas in
Togo deforest the most for charcoal production. Thus ISECs provide a way to reduce indoor air
pollution, which is detrimental to the health and well-being of many rural and some urban
populations, however they will probably not decrease deforestation in Ghana or Togo because of
how reliant people are on charcoal for their livelihood.
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Poverty also seemed to be a factor when looking at where deforestation and ISEC
suitability occurred in Jamaica. The St. Thomas/part of St. Andrew parish that was deemed
highly suitable for ISECs was also an area with a moderate to high incidence of poverty, as well
as high amounts of agricultural production by small farmers. This indicates that deforestation
may be occurring primarily from human agricultural practices, and the high incidence of poverty
suggests that the farmers in this parish are not making a lot of money off of it. Thus, what has
commonly been found throughout all of the countries analyzed in this study is that poverty seems
to be one of the main drivers in causing deforestation and biomass use.
The root cause of charcoal production and the deforestation of land for agricultural
practices was poverty, which was present in all of the most suitable areas for ISECs in the partner
countries in this study. If ISECs are to be truly effective in reducing indoor air pollution, the
dissemination of ISECs need to be paired with programs targeted at poverty reduction, otherwise
people will continue to be at-risk from exposure to indoor smoke, and the forests will keep on
being deforested. Since the extraction of wood from tropical forests for charcoal production,
firewood, and timber constitutes 68 percent of the causes of deforestation in Africa, 89 percent in
Asia and 51 percent in Latin America (Fontodji et al. 2011: 223), reducing poverty and helping
people become less dependent on the forests for their livelihoods would not only improve their
health, but also save the environment.
Since women are affected the most by indoor air pollution because of traditional gender
roles that dictate it is women’s responsibility to cook and care for the household, women must be
included in the creation and implementation of public health and policy interventions (Austin &
Mejia 2017:20). Lewis and Pattanayak (2012) found that female-headed households were more
likely to adopt cleaner fuels. They also found that head of household education and female
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education were positively associated with cleaner fuel adoption, whereas male education was
negatively associated (Lewis & Pattanayak 2012:642). This is possibly due to growing evidence
that suggests when women are given control of economic resources, they use it to improve
household well-being, whereas men tend to use economic resources for personal gain or pleasure
(Austin & Mejia 2017:5). Thus, while women are the most vulnerable when it comes to indoor
air pollution, if given the chance, they are also in the best position to contribute to the creation of
meaningful interventions that are sustainable and effective among communities in developing
nations (Austin & Mejia 2017:20).
In their review on who adopts improved fuels and cookstoves, Lewis and Pattanayak
(2012) also found that urban households were more likely to adopt clean fuels compared to
similar households in rural areas (Lewis & Pattanayak 2012:641). This, along with a positive
influence of education, suggests that strengthening the information and communication aspects
of social marketing and extending the supply-chain into rural areas could increase adoption
(Lewis & Pattanayak 2012:642). Since ISECs are disseminated through a Global Learning
Community and an open-source model for the technology, this means that the communication
aspects of the dissemination process have the potential to do a lot of good, especially in rural
communities. It gives agency to local people to decide if, how, when, who, and where the ISECs
will be built and disseminated, an approach that is rare in common development discourse. Local
people have a relationship with the technology because it is built by them and with
locally-sourced materials, which also stimulates the local economy. While ISECs will probably
not solve all the problems of indoor air pollution on their own, they do have the potential to
create positive change; energy policies in developing nations need to be refocused to emphasize
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provisions for efficient fuels and safer methods of heating and cooking (Austin & Mejia
2017:20), and ISEC may help see this goal to fruition.
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